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© Method and apparatus for reviving an electrode of a biosensor. 

© When a bias is applied between a working electrode and a counter electrode or a reference electrode, the 
bias is gradually increased in its absolute value according to a predetermined time constant Thus, damage to 
the membrane or membranes fixed on a surface of an electrode unit is reduced. 



Fig. 2 



CM 
< 

00 
00 
CO 

in 
o 

Q. 

LU 




Xcjox Copy Centic 



EP 0 415 388 A2 



METHOD AND APPARATUS FOR REVIVING AN ELECTRODE OF A BIOSENSOR 

The present invention relates to methods and apparatus for revivino an efortrrwto'rrf * 
more particularly ,„ methods and apparatus for revSig an eN*Se7, £ iSlI'S 

h^nga dMeren, poiarity from the measurement Was polarity to the electrode bote" SSJ^E 

5 oJri "J 3 physi0, °9 ica,, y «*• subs »ance is capable of selectively detecting a very complicated 

SETT"* T" 0, - f * Bke wim hi9h sensi,,Vity - wth atten,ion *■*«» to MTdZES?' 

research has been made in various biosensors. "'draciensuc, 
A typical biosensor having an electrode unit and a physiologically active substance fixed thP*™ i« 
Proposed The biosensor is used for detecting the existence of art ^ SrSa^ 
n quantity of the object substance and .he .ike based art an electrical igna. ^T^St^Z 
corresponding to the biological reaction of the object subslance under the conSnriT* 7 1 
forward bias is appHed to the etectrode unit For example, the JSR *SSS 

o^latnum and a counter electrode made of silver. An enzyme-immobilized memb^nel fS onto ^ 
electrode un.t When the object substance is to be measured, hydrogen peroxide fe ^ne ate^™!^ 

SeTniSrh e tr s ^ 

electrode unit through a hydrogen peroxide penetration membrane. The electrode unit cutouts an ZZ^i 
signal corresponding to the quantity of hydrogen peroxide that reaches i^l^JS 
substance, the relaHve or active quantity of the object substance and the like ana Sed bastd onS 

In the biosensor described above, an interfering layer such as an oxidized lavor ™h in, u- u 

eS e ^r: h si r s fe * ° n ,h * ^ e^i*ri^ 0 " e wS 

Lo?^fn h 7^ , S a " ° bjeCt SUbS,anCe meaSUrin9 0peraBon is ^""^ vvith the foVard biaT be n? 
applied to the electrode unit. It is proposed that a reverse bias is accordingly aoDlied to , Z ^ 
s (the wording electrode has a reverse bias of about -0 6 volts applied with J£ t 1 ? ^ 
corresponding to the concrete example) alter one or more ^SSS^ZS wi WnSl 

' e.ec.^it'^rihp r SiBVity i S r6C r red bV aPP,yin9 * he ™erse bias voltage to the ' 

electrode unit wrthm the time penod in which the measurment is not performed as is described abL ,hZ 
measunng with high sensitivity can be performed again. described above, then 

In the reviving apparatus described above, reverse bias for revivino is aooliprt h»iw 0 on ik» u- 
252^ eleCU ° de < r6,er to * 6 < A » -V predion o ZT^Z^lTZ 

SsnfonS cteJ ti t? I" membranes ' a selective penetration membrane being 
posit oned close to the electrode un,t, are gradually destroyed, thereby the penetration Quantise* 
substances generated by the reaction or substances consumed by the reaction in^reaserForPxlln^ 

gradually increased until its absolute value reaches a predetermined value. 
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ft is also preferred thai an increasing ratio of the forward measurement bias is equal to . an increasing 
ratio of the reverse bias. 

It is further preferred that an increasing ratio of the forward measurement bias is greater than an 

increasing ratio of the reverse bias. . . . 

5 This present invention comprises; 

reviving voltage applying means for applying a reviving voltage to a working electrode; 

measurement voltage applying means for applying a measurement voltage to the working electrode; 

time constant means for controlling at least one of the voltages applied by the voltage applying means 

according to a predetermined time constant. 
;o ft is preferred that the time constant means controls the reviving voltage applied by the reviving voltage 

applying means and the measurement voltage applied by the measurement voltage applying means 

according to a predetermined time constant 

It is also preferred that the time constant means applies the same time constants to both voltages 

applied by both voltage applying means. 
is It is further prefened that the time constant means applies a longer time constant to the measurement 

voltage applied by the measurement voltage applying means than the time constant applied to the reviving 

voltage applied by the reviving voltage applying means. 

In this reviving method and apparatus, when an interfering layer on the working electrode which 
• interferes with the turning on of electricity is reduced and activity of the working electrode is. revived by 
20 applying the reverse bias to the working electrode, a reverse bias with gradually increasing absolute value 

is applied to the working electrode (refer to fig. 1(A)) instead of a reverse , bias having a constant 

predetermined value as . applied from the beginning of reviving.; A cunent undershoot is remarkably 

suppressed, accordingly (refer to fig. 1(B)). 

As a result, destruction of the membrane or membranes fixed to the surface or the electrode unit is. 
25 remarkably suppressed, thereby 16 increase the level of an electrical output signal output from the electrode 

unit, depending on an increase in the number of times a reviving operation has occurred, is remarkably 

suppressed. Also, the life of the membrane or membranes is remarkably lengthened. 

A current overshoot is also suppressed remarkably by applying a forward measurement bias with 

gradually increasing absolute value. As a result, destruction of the membrane or membranes fixed to the 
30 surface of the electrode unit is further remarkably suppressed. 

More specifically, the inventors recognized that a large current flowing at the instant of applying a 

reverse f or reviving caused the membrane or membranes to be destroyed. The inventors considered 

the cause of such a large amount of cunent. and found the cause is that the charging current into an 

electric double layer increases following sudden changing of the bias. Taking this knowledge into 
35 consideration, when the bias is gradually changed instead of suddenly changing it, a large amount of 

current is securely prevented from flowing, and the damage to the membrane or membranes is remarkably 

suppressed. In other words, the life of the membrane or membranes is remarkably lengthened. 

These and other objectives, leatures and advantages of the present invention will be more readily 

understood upon consideration of the present invention, taken in conjunction with the accompanying 
40 drawings. 

Figures 1(A) and 1(B) are diagrams schematically showing variations of bias voltage and cunent when 
the electrode unit is revived; 

Figure 2 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a first 
embodiment of the present invention; 
45 Figure 3 is a vertical sectional view of the center portion of an electrode unit; 

Figures 4 is a diagram showing actual variations of current when the electrode unit is revived; 

Figure 5 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a second 

embodiment of the present invention; 

Figures 6(A) and 6(B) are diagrams showing variations of bias voltage and current when the electrode, 
so unit is revived in conventional manner. 

Fig. 2 is an electronic circuit diagram of an electrode reviving apparatus in accordance with a first 
embodiment of the present invention. 

The apparatus revives an electrode unit having three electrodes, such as a working electrode 1 made of 
platinum, a reference electrode 2 and a counter electrode 3, both made of silver. 
55 The reference electrode 2 and the counter electrode 3 are connected to an inverting input terminal 4a 
and an oulput terminal 4c ol an operational amplifier 4, respectively. A condenser 5, provided as a biasing 
source, is connected between a non-inverting input terminal 4b of the operational amplifier 4 and ground. A 
connecting point of the condenser 5 and the operational amplifier 4 is connected to a high voltage tap 7a of 
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a voltage dlvider 7 ^ res i Stances> through - a resistance 5a and a switch device 6a. That is a tine 
constant arcutt ,S provided by the resistance 5a and the condenser 5. An inverting input terminal 8a of a 
mren^o tage cor^e rt ,ng operational amplifier 8 for providing measurement signals is connected to .he 
wortong eleclrode 1. A current/voltage converting resistance 9 is connected between an output terminal 8c 

5 and the inverting input terminal. 8a of the current/voltage converting operational amplifier 8. Diodes 10a and 
10b are connected .n paralell and in reverse polarity with respect to one another between the inverting input 
terminal 8a and a non-inverting input terminal 8b of the currentrVoftage converting operational amplifier 8 A 
7i 12 ** measuri "9 is «"»»cfed to a non-inverting input terminal 11b of a buffer amplifier 

1 An output term na. 11c of .he buffer amplifier 11 is connected directly to an inverting input S 

w of toe buffer amplifier 11. The oulput terminal 11c of .he buffer amplifier 11 is connected to toe non- 
mverting ,npu. terminal 8b of toe currenWoltage converting operational amplifier 8. The DC power source 
12 is used for applying a forward bias of 0.75 volts to .he working electrode 1. The high voltage tan 7a is 

Z2^11TJLT t0 *■ wordin9 e,ec,rode 1 - A confro » M is used *W 

'* api 3 is fe app.S iCa, SeCti ° na ' T °' ^ Cefl,6r • P " fcB °' a " Wn 10 which * e revivi "9 

The working electrode 1 is provided at a predetermined position in an electrode unit body 13 The rina 
shaped reference etechode 2 and the ring shaped counter elec.rode.3, bolh electrodes 2 and 3 surrounding 

2LK Ph0r ? Z^T?** 1> Prow, * d in the etectrod0 13 in this ordeHne 

^ o ^ 13 h3S 3 C ° nVeX SUrface ° n ^ * de on which the worki "9 electrode 1. me reference 

14 2° , ^ r "T eteC,r0de 3 " PrOVided A hydr °9 en P eroxid0 «**• pene^eZZ 
14 made o cellulose acetate and the like, a glucose oxidaze immobilized membrane [hereinafter reined to 

the fite are provided >n this order to fit the convex surface of the electrode unit body V 3 Terminals iVtor 
providing output signals are provided in toe electrode uni. body 13. and (he terminals 17 are connected to 
. the workmg electrode 1. the reference electrode 2 and the counter electrode 3. respectively 
aboveTs^otwT' " 9 ' UC ° Se concenlrations havin 9 '"e arrangement described 

, aJS^JT'T 9 ^ 9 ' UC0Se cpncentra,ion is out. the non-inverting input terminal 4b of the 

IT f If 4 U C l 0nneC,ed '° W9h V0Ha9e ,ap 73 01 »» w,,a 9 e divider 7 by operating the 
ntoh voSfr 7 ?K U9h ?Y eSiS,anCe 5a - »» non-inverting input terminal 4b is connected to the 
tet^T P £ °T 9h T reSiS,anCe 5 * W9h V0,,a 9 e ,ap 7a is *> W'y a reverse bias of -1 volt 
t f \ ""' re,erenC9 e,eC ' r0de 2 " The «*■» ^ Wed between the 
Zntl 71 , referenC ° e ' eCtr0de 2 is ^termined based on the voltage between the 

d^telL k , h C ° nd T r * mereby ^ f6VerSe bi3S increases bv a «"* Aslant which is 

determined by toe resistance 5a and the condenser 5. as is illustrated in fig. 1(A). region R1 The time 
constant has a greater value, for example O.S.seconds. than a time constant, usually 0.001-0.1 seconds of a 

ai is 2i ' S fi US !?p! 0r "° iSe - ' n *" C0ndi60n - 3 CUrlent undersh0 °' is freely recognized 

Z r, St ^ (B)> re9l °" R1; Ak °' <he °' ,he e,ectrode u "« is s "«cien«y revived because 

the cu rent has a sufficient value to reduce interfering substances on toe surface o. toe electrode unit 

opera £ ^TtT nr '* ^ 3 ,ime P eriod ' the swi 'c" device 6a is 

etec 2S? ^ ,f ^ T 6 ' S ° UrCe 12 iS t0 3PP,y 3 ,0rWard bias of 075 «*» be ' we cn the working 
, h ! S , f '! T' 8 e ' eC,r0de 2 The aCh,al V0lta 9 e a PP ,ied beh«en the working electrode 1 and 
. T . 9r ! dUa " y inCTeaSeS 35 fe il,US ' ra,ed in f ' 9 - 1(A »> re 9 ion "2- be c^e the voltage 
m , ^ C6 " denSer 5 9radUa " y deCfeaSeS sorting to toe predetermined time 
Z VI " C T ■ 3 CUnml 0VerShO0 ' fe remarkab| 7 suppressed as is illustrated in fig. 1(B). region 

™, TT' qUanU,y ° f 9enera ' ed hydr09en ' hydr °9 en ions ^ is lessened because a 

current undershoot ,s scarcely recognized, thereby a time period for consuming generated hydrogen. 

sho2 d T ^ " iS **** 10 pe * BB W,h P'edelermined accuracy is 

memhll; ° f me measwemenl is im P™ed because destruction ol the membrane or 

membranes ,s remarkably reduced. Furthermore, toe life ol the membrane or membranes is extended up to 

seconds Ind 9 Va ' iati !" S °' CUrren,S - °" e ^"^ c ^esponding to the time constant o. 0 

to ton ,LT T , n corresponding ,o toe time constant ol 0.5 seconds. A broken tine corresponds 

66 0 rn^rn A T" ' a " d ^ " UnderSh ° 01 °' ' 78 ' 9 micro am P e -s and an overshTo, o« 

unirsZ ofTnT' 6 C ° r r POndS ,0 ,h ° ' ime C ° nS,an ' °* 05 Seconds - and s "cws an 

ur.de,shoot of -48.0 m,cro amperes and an overshoot ol 36.3 micro amperes. As is apparent from the 
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drawing the undershoot and overshoot are remarkably suppressed. In both cases, after the undershoot has 
occurred first the current decreases in absolute value, then the current increases in absolute value. This 
variation of current may be caused in that the first undershoot is caused by flowing _ charging i current then 
the charging current decreases, thereafter, the surface of the electrode unit is completely charged and has 

s a potential for generating hydrogen, thereby the current again increases in absolute value. 

After reviving is finished, a signal corresponding to the concentration of glucose .s output as follows by 
dropping an object solution onto the electrode unit. 

The dropped object solution is guided to the GOD immobilized membrane 15 wrth hm.ted penetration 
by the glucose to some degree, by the diffusion-limiting membrane 16. Then, the following reaction takes 

io place: 

GOD 

Glucose + 0 2 + H 2 0 : 2> 



>5 



20 



30 



Gluconic acid + H 2°2 

Hydrogen peroxide, the quantity of which corresponds to concentration of existing glucose, is accordingly 
generated. The generated hydrogen peroxide is guided to the surface of the working electrode wh.ch is 
revived to have suf ficient activity, through the hydrogen peroxide selective penetration membrane 14. The 
forward bias is kept applied to the working electrode 1. An oxydalion reaction is carried out on the surface 
of the working electrode 1 and current corresponding to the amount of hydrogen peroxide flows .n through 
the working electrode 1. The current is applied to the inverting input terminal 8a of the cunenWollage 
converting operational amplifier 8. then a voltage signal is output from the outpurterminal 8c of the 
current/voltage converting operational amplifier 8. The voltage signal is generated by addmg an offset 
voltaqe caused by the forward bias and a voltage signal being proportional to the current. 

Thereafter, only the voltage signal proportional to the current is extracted, then the extracted voltage 
signal is differentiated to obtain a first-order differentia, value, then a peak value of the first-order »t.d 
value is detected. Finally, a glucose concentration detection signal with h.gh accuracy .s obtamed by 
performing the necessary operations. m,'-™^ 

Fig. 5 is an electronic circuit diagram of an electrode reviving apparatus in accordance wrth a second 
embodiment of the present invention. 

Different points from the first embodiment are as follows, 

(1) an electrode unit having two electrodes, one is the working electrode 1 made ol plabnum wb.le 
another, the counter electrode 3 made of silver, is used for being revived, and 

(2) the counter electrode 3 is directly connected to the switch device- Ga by om.tt.ng the operaHonal 

Tlhfe embodiment, undershoot and overshoot are remarkably reduced when the electrode unit is 
revived Also, a time period between removal ol intertering substances to when it is poss.ble to start actual 
measuring can be shortened. Furthermore, the accuracy of measurement is improved and the hie of the 
membrane or membranes are lengthened because the destruction of the membrane or membranes are 

'^S^nventlonTlt limited to the foregoing embodiments. Preferably, the voltage lor reviving is 
changed Preferably, the time period (or applying the voltage is changed corresponding to the voltage 
value Preferably, the reviving method and apparatus are applied to an apparatus tor measuring concentra- 
tions ol substances other than glucose. Prelerably, a programmable power source for vary.ng outpu 
voltage, the source being controlled by a microcomputer, is employed instead ol the time constant c.rcu.t 
comprising the resistance 5a and the condenser 5. 

The terms and expressions which have been employed here are used as terms of descr.pt.on and no 
of limitations, and there is no intention, in the use of such terms and expressions of excluding equ-valents^f 
the features sho«n and described, or portions thereof, it being recognized that vanous modrt.cat.ons are 
. possible within the scope of the invention as claimed. 
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1- A method for reviving an electrode unit of a Wosenser which includes a working electrode m anrt * 
counter electrode (3). and which measures a concentration of an object sut^aZ^^JS^ r ■ 

■ttZttsrr* ^^^^^ acsss 

(1) applying a predetermined reverse bias to the workrna electrorip m far n • _• 

- szsf ■ i — - - * — -r srssr: 
"jxvjs ^ sr* - , ' nc " asi " ! ' * 01 »» — 

4. A method as set forth in claim 2, wherein an increasinq ratio of the forward moa<! ..,= m . V- • 
than an increasing ratio of the reverse bias. . ' measurement b.as ,s greater 

5. An apparatus for reviving an electrode unit or a biosensor which includes a wnAin n ^ ... 
counter electrode (3). and which measures a concentration Z an ^ SuSlTS ^ 'V ^ 3 

revving voltage applying means (4,6a. 7a) for applying a reviving voltage to said worWna electrode /1V 
foment vo«age appfying beans (12, for applying a measurement voltage ,o°2 w^e^ode 

time constant means (5, 5a) for controlling at least one voltage applied by one of said valla™ . • 
means (4. 6a. 7a. 12) according to a predetermined time constant " * m '° 9 

6. An apparatus as set forth in claim . 5. wherein said time constant m P an^ k . .u 
vo«age applet oy said reviving voltage applying ^7^ 7^^ ,^^^^ 
cons an,, and controls the measurement voltage applied by said measurement voltage aSSmeaS ^ 
according to a second predetermined time constant. a PP>Ving means (12) 

7. An apparatus as set forth in claim 6. wherein said first and second time constants are the same time 
apparatus as se, torth in Cairn S. wherein said second time constant is greeted £n1T.S time 
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Fig. 3 
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